Our two-dimensional (one velocity space and one spatial dimension), time-dependent model calculations indicate that an interplay between velocity and spatial diffusion may be responsible for the acceleration of implanted heavy ions in the cometary preshock region. Velocity diffusion (second-order Fermi acceleration) accelerates the pickup ions to moderate energies, thus creating a seed population for the more efficient diffusive-compressive shock acceleration. Solar wind convection limits the time available for diffusive-compressive acceleration, therefore the resulting energy spectrum above the pickup energy is a combination of an exponential decrease at lower energies (up to about 100 keV) and a power law spectrum at higher energies. The calculated energy spectra constitute a surprisingly good fit to the published VEGA and Giotto energy spectra above the pickup energy.
INTRODUCTION
The first in situ observations of a cometary plasma environment resulted in the detection of very high levels of magnetohydrodynamic turbulence, which is believed to be generated by the implanted cometary ion pickup process. These results prompted a whole series of theoretical calculations, with varying levels of sophistication, attempting to establish the possible presence of various plasmaphysical instabilities in the cometary environment [cf. Galeev, 1986 Of considerable interest is the acceleration of recently ionized cometary particles which are picked up by the solar wind and which form a supertherma! particle population which can be accelerated by processes occurring in the cometary upstream region. This problem has been first examined in a pioneering paper by Amata and Formisano [1985] , published well before the Giacobini-Zinner encounter. In a subsequent paper written shortly before the Halley encounters lp and Axford [1986] vicinity of the comet was so weak (M=2), due to the continuous mass loading of the solar wind, the first-order Fermi acceleration at the shock would be very slow. They concluded that in cometary environments the second-order Fermi acceleration (slow velocity diffusion due to the interaction with propagating Alfven waves) was likely to play an important role in accelerating the implanted cometary ions far upstream from the comets. Ip and Axford [1986] applied a simplified diffusion equation to study the potential consequences of this stochastic acceleration process concluding that in the solar wind frame of reference at high velocities (well above the ambient flow velocity) the implanted ion distribution function falls off exponentially. Later, Isenberg [1987a, b] published an elegant analytic solution to the implanted ion transport equation, which took into account convection, adiabatic acceleration, and velocity diffusion. He assumed that the implanted cometary particles were scattered between self-generated waves propagating toward the Sun and preexisting waves in the solar wind predominantly propagating away from the Sun. In order to be able to obtain an analytic solution, Isenberg [1987b] had to make a number of simplifying assumptions; nevertheless, his solution represents a major step toward self-consistent modeling of the upstream region acceleration of implanted cometary ions.
Later, Gombosi [1988] [Gombosi, 1988; Ip, 1988] . It should also be noted that even though the second-order Fermi acceleration is probably important at comet Halley where the large gas production rate (-103ø molecules/s at the time of the encounters) resulted in a very extended upstream pickup region with significant levels of wave activity, in the case of comet Giacobini-Zinner the significantly smaller gas production rate was probably insufficient for this stochastic acceleration to operate effectively.
In Figure 1 ) and perpendicular diffusion is neglected.
upstream region foreshock It is assumed that energetic particles of cometary origin are primarily implanted O + ions. The velocity distribution of these ions is assumed to be a near isotropic shell distribution in the decelerating solar wind frame because of the rapid pitch angle scattering by magnetic field turbulence [cf. Galeev, 1986] . Observations made by the ion mass spectrometer onboard the Giotto spacecraft indicate that in the foreshock region the implanted ions were nonuniformly distributed over the shell [Neugebauer et al., 1987] [Gombosi, 1988; Ip, 1988] have shown this value to be consistent with observations. In the calculations a Qn=103ø molecules/s gas production rate and a )•n=2x106 km ionization scale length were used.
The spatial variation of the plasma flow velocity was taken from earlier self-consistent calculations [Gombosi, 1987 [Gombosi, , 1988 . Based on these self-consistent calculations the flow velocity along the Sun-comet line was approximated by the following piecewise function: Figure 2d reveals that this combination results in a very significant particle acceleration to higher velocities. The main physical reason is that the second-order Fermi acceleration mechanism (velocity diffusion), which starts to operate at large cometocentric distances, creates a "seed" population for the first-order Fermi acceleration mechanism, which needs an initial population of superthermal particles to accelerate to higher energies. This interplay between the first-and second-order Fermi accelerations is a very important element of the cometary particle acceleration process. At the same time one has to realize that the acceleration is convection time limited, therefore the steady state energy spectrum will be quite far from the time asymptotic Fermi acceleration spectrum (~E -2, where E is the kinetic energy of the particles). 
QUASI-IJNF. AR MODEL OF TRANSPORT COEF•ClENTS
A better approximation of the spatial and velocity diffusion coefficients can be obtained by using the quasilinear approximation.
In this approximation the coefficients of spatial and velocity diffusions can be expressed in terms of the power spectrum of magnetic field fluctuations.
However, one has to be careful, because different power spectra have to be used in the determination of these transport coefficients.
When calculating the field-aligned diffusion coefficient, Kll, When calculating the velocity diffusion coefficient one has to recall that the wave field in the cometary environment is a superposition of fluctuations generated by the pickup process (these waves are predominantly low-frequency transverse waves propagating away from the comet along the magnetic field lines) and ambient waves in the solar wind (these waves move primarily away from the Sun along the magnetic field lines). In the velocity diffusion coefficient an appropriately averaged magnetic field power spectrum has to be used describing the effective power of randomly propagating (in both direction) magnetic field fluctuations. Such an "average" power spectrum was given by lsenberg show the double peak structure discussed above. In the foreshock region the double peak disappears but the energy distribution still exhibits two different regions: the lowenergy part is more or less an exponential spectrum, while the higher-energy part exhibits a power law behavior. the observed shock location (-106 km). In the Giotto case the far upstream solar wind velocity was taken to be Usw=375 km/s, while in the VEGA case it was usw=500 km/s. The gas production rate was taken to be Q=l.3x103ø molecules/s (VEGA) and Q=6.9x1029 molecules/s (Giotto). 
